Objective: This paper aimed to review the current literature on the surface modification of intraocular lenses (IOLs). Data Sources: All articles about surface modification of IOLs published up to 2015 were identified through a literature search on both PubMed and ScienceDirect. Study Selection: The articles on the surface modification of IOLs were included, but those on design modification and surface coating were excluded. Results: Technology of surface modification included plasma, ion beam, layer-by-layer self-assembly, ultraviolet radiation, and ozone. The main molecules introduced into IOLs surface were poly (ethylene glycol), polyhedral oligomeric silsesquioxane, 2-methacryloyloxyethyl phosphorylcholine, TiO 2 , heparin, F-heparin, titanium, titanium nitride, vinyl pyrrolidone, and inhibitors of cytokines. The surface modification either resulted in a more hydrophobic lens, a more hydrophilic lens, or a lens with a hydrophilic anterior and hydrophobic posterior surface. Advances in research regarding surface modification of IOLs had led to a better biocompatibility in both in vitro and animal experiments. Conclusion: The surface modification is an efficient, convenient, economic and promising method to improve the biocompatibility of IOLs.
IntRoductIon
Surgical intervention is the main treatment option for symptomatic cataract and phacoemulsification combined with intraocular lenses (IOLs) implantation is the main method. Surgical complications such as endophthalmitis, cystoid macular edema (CME), or posterior capsule opacification (PCO) could affect the visual outcome and even potential blinding. The reported incidence of these complications were 0.1-0.2% for endophthalmitis, [1] 0.1-2.35% for CME, [2] and 20-40% for PCO. [3, 4] The exact etiologies of all these complications remain unclear, and association with the IOL implantation have been suggested. Endophthalmitis could have resulted from bacteria adhering to the implanted IOLs with subsequent biofilm formation; [5] leukotrienes and prostaglandins stimulated by IOLs could increase the retinal vessel permeability and lead to CME; [6, 7] and PCO resulted from lens epithelial cells (LEC) adherence, proliferation and epithelial-mesenchymal transition (EMT) on IOLs. [8, 9] Although various treatment options are available for these complications, we believe prevention is the best cure, and choosing the most biocompatible IOL is an essential prevention measure.
IntRoductIon foR BIocoMpatIBIlIty
Biocompatibility refers to materials that can function well and is compatible with surrounding tissues. The first original IOL was made of polymethylmethacrylate (PMMA) and was first described by Ridley in 1949s . [10] Until date, there are mainly four types of IOL materials: Hydrophobic acrylic, hydrophilic acrylic, silicone, and PMMA. [11] Currently, the biocompatibility of IOL does not have a uniform definition. Amon [12] classified biocompatibility into uveal biocompatibility and capsule biocompatibility. Uveal biocompatibility referred to the foreign body inflammatory response of the uveal tissue to the IOL, while capsule biocompatibility referred to the wound healing response of the LEC to the IOL. Miyake et al. [13] proposed contact angle, aqueous flare, and anterior capsule opacification as standards for evaluating biocompatibility. However, whether an IOL material is biocompatible or not also depends on the clinical scenario. For example, the hydrophobic acrylic has the lowest PCO rate. However, it is unsuitable for uveitis patients due to its strong adherence to foreign body cell. A hydrophilic acrylic IOL would be more biocompatible in these cases; [14, 15] an ultraviolet (UV)-absorbing IOL is superior for diabetic patients; [16, 17] the silicone IOL is out of alternative to the patients with high myopia at high-risk vitrectomy. [18] No single type of IOLs is suitable for all cases.
factoRs deteRMInIng BIocoMpatIBIlIty
Many factors affect the IOL biocompatibility. These include patient demographics (for example, younger the patients, higher the rate of PCO [19, 20] ), surgeons' technique (a smaller capsulorhexis is preferable to a large capsulorhexis in reducing PCO [21, 22] ), the surgical approach (femtosecond laser-assisted cataract operation cause less damage to peripheral ocular tissue ocular and are more uveal-biocompatible [23] ), and the IOL itself, which is often the determining factor. [24, 25] IOL factors include the design and the material, which include intrinsic properties of the material and the surface properties. In 1999s, Nishi et al. [26] found that lens with the square edges inhibited LEC migration and PCO formation, and this was later verified in other studies. [27, 28] In addition to changes in the lens design, IOL surface materials may also improve the overall IOL biocompatibility as the surface is directly in contact with the ocular tissues, cells, proteins, and inflammation mediators. [29] Surface modification of IOL can modify the contact stimulus of the IOL material. Several studies have shown that surface modification with physical or chemical methods (without altering the main IOL bulk) is a promising way to alter the surface characteristics. [30, 31] technology of suRface ModIfIcatIon Surface modification methods include the surface coating technique, [32, 33] surface grafted modification, [34, 35] plasma surface modification, [36] photochemical immobilization, [37] and layer-by-layer-self-assembly. [38, 39] These techniques could be employed alone or combined with others.
polyMethylMethacRylate
PMMA was the first IOL material introduced by Ridley in 1949s, [10] and is being implanted for almost 66 years. [40] PMMA has many advantages such as excellent tissue tolerance, less foreign body inflammatory response, higher uveal biocompatibility, relatively higher refractive index (1.49), better optical clarity, light-weighted, and stable in nature. [41] However, in view of their rigidity and intolerance to high pressure and high temperature, PMMA has almost been completely replaced by modern foldable lenses. Nevertheless, PMMA is still available from various companies due to its low cost.
hepaRIn-suRface-ModIfIed polyMethylMethacRylate IntRaoculaR lense S i n c e B o ff a e t a l . [ 4 2 ] c o m p o u n d e d t h e f i r s t heparin-surface-modified (HSM) PMMA by a radical polymerization of methyl methacrylate (MMA) from oxidative reaction initiated by Ce 4+ ions in the presence of heparin in 1979s, it has been in use for nearly 36 years. Heparin is a type of anticoagulant, which has an effect on the expression of adhesion molecules and matrix degrading enzymes. The heparin modification of PMMA IOL changed the surface property from hydrophobic to hydrophilic, which resulted in a reduced inflammatory cell adhesion and, therefore, a better uveal biocompatibility. Roesel et al. [14] performed a prospective randomized study on patients with endogenous uveitis and concluded that the more hydrophilic IOLs such as HSM PMMA had a lower rate of uveitis after cataract surgeries. Other studies confirmed that HSM PMMA have good uveal biocompatibility in uveitic patients. [43, 44] However, Rønbeck and Kugelberg [45] made a 12-year prospective study on PCO rate of HSM PMMA, silicone, and hydrophobic acrylic IOL and concluded that HSM PMMA IOL had a significantly higher PCO rate. The different PCO rates with different IOL materials showed that both "material surface factor" and "design factor" were important. A more hydrophilic IOL surface such as HSM PMMA had a lower inflammatory rate.
hydRoxypRopyl-poly (ethylene glycol)-polyMethylMethacRylate
Zhang and Wu [46] prepared a hydroxypropyl-poly (ethylene glycol) (Hp-PEG)-PMMA IOL with Ar plasma and both Hp and PEG in a plasma atmosphere. Heparin is ordinarily used as anticoagulant, PEG is nontoxic, nonimmunogenic, and nonantigenic polymer and may decrease the attractive forces between surfaces and proteins, so the new Hp-PEG-PMMA IOL was expected to have a remarkable anti-thrombogenicity and better uveal biocompatibility. They also performed a platelet adhesion experiment, and the result showed that the surface platelet was distinctly reduced compared with the pristine PMMA. [46] The contact angle of Hp-PEG-PMMA was 61.68° compared with 75.6° of PMMA, which meant that the hydrophilic property had increased. This study made Hp-PEG-PMMA conceivable, although further assessment is needed.
allyl polyhedRal olIgoMeRIc sIlsesquIoxane-polyMethylMethacRylate
In contrary to IOL surface modification, polyhedral oligomeric silsesquioxane (POSS)-PMMA changes the IOL properties by a bulk modification. POSS consists of a cage-like inorganic core based on Si-O-Si bonds and the shell composed of eight surrounded organic groups, resulting in a regular structure with good biocompatibility, small scale, and large surface area, thus making POSS one of the most promising biomaterials. [47] Wang et al. [48] tried to synthesize POSS-PMMA by dissolving in a 50 ml round bottom flask, allyl POSS (0.34 g, 0.40 mmol), MMA (2.0 g, 20.0 mmol) and azobisisobutyronitrile (AIBN; 0.025 g, 0.15 mmol) in ethyl acetate (16 ml) and tetrahydrofuran(THF; 4 ml) under a nitrogen atmosphere. The water contact angle (WCA) of allyl POSS-PMMA was higher than PMMA by 12°, which meant that allyl POSS-PMMA was more hydrophobic. Human lens epithelial cells on the surfaces of allyl POSS-PMMA copolymer films had a better morphology than that on the surface of PMMA, which meant allyl POSS-PMMA copolymer had a better capsule biocompatibility. This new IOL still requires more in vivo study to support its use.
tIo 2 ModIfIcatIon polyMethylMethacRylate
TiO 2 , a photocatalyst, can produce electrons and holes pairs when activated by light energy. [49] Electrons and holes pairs generate hydroxy radical and oxygen radical while reacting with H 2 O and the oxygen soluble in H 2 O. Hydroxy radical and oxygen radical have a strong antioxidant ability, which may cause protein denaturation and lipid degradation, thus possessing a variation of the bacterial films and inhibition of cell proliferation. [50] Yang et al. [51] proposed amazing composite films of TiO 2 and PMMA. Generally, the contact angle of this PMMA/TiO 2 composite films reached 140° at 50 vol% of TiO 2 , which kept a state of high hydrophobicity; however, when exposed to UV light, PMMA on the surface of the mixture film turned to be super-hydrophilic, and this state could maintain several months. The proposed mechanisms were that the water affinity was very sensitive to surface states of the TiO 2, and TiO 2 was the alignment of a self-assembled monolayer (SAM) on its hydrophilic surface, which has been made for creating the hydrophobic or super hydrophobic surface on SAM treated TiO 2 . When exposed to UV light, the coated polymer layer was removed, and the surface returned to the hydrophilic state. As a result, the former more hydrophilic IOL surface of IOLs leads to less postoperative inflammation, and the later more hydrophobic surface means a lower PCO rate.
f-hepaRIn suRface ModIfIcatIon pMMa IntRaoculaR lenses
Fluoride (F) is a hydrophobic molecule. IOLs treated with F had a higher contact angle and became more hydrophobic. On the other hand, heparin is hydrophilic, and when grafted on a substrate, the heparin could make it more hydrophilic.
Yuan et al.'s team [52] modified PMMA with F combined with heparin by carrier energy ion beam combined low temperature and low-pressure plasma. When PMMA was treated with F, part of the hydroxyl on PMMA surface cracked and chemical bond dissociated, which made PMMA easier to integrate with heparin. [53] The F-HSM PMMA passed the transmittance, resolution and diopter tests, which meant that the modification did not change the functions as IOLs. This F-HSM PMMA possessed a composition of hydrophilic radical and hydrophobic groups phase separation, which made PMMA a balanced surface of hydrophilic and hydrophobic. Platelet and macrophages in rat abdominal cavity were less adhesive on F-heparin PMMA compared with the PMMA. And the standard error of mean (SEM) results of PMMA implanted for 180 days and 360 days showed that granulated matters and protein films on the margin of F-HSM PMMA, but much meshed fibers in PMMA groups, which showed a better uveal and capsule biocompatibility of F-heparin PMMA. [53] Wang et al.'s [54] study in monkeys had the same conclusion. Furthermore, Wang et al. made a first and unique biocompatibility evaluation of the modified IOL in monkeys' eyes. The results are shown in Figure 1 . [53] The monkey is the nearest to human beings in terms of organic evolution, anatomical structure, and physiological functions, so the experiment in monkeys' eyes should be fairly convincing. The F-HSM PMMA had obtained government approval and was to proceed to clinical studies.
sIlIcone
Mehta et al. [55] and Epstein [56] implanted the silicone IOLs in the mild-1970s and Epstein et al. tried to make foldable silicone IOLs in the early 1980s. Until date, the silicone IOLs has widespread clinical applications, [57] as it possess inertness, chemical stability, autoclavability, flexibility, thermostability, breakdown voltage, low interface energy and water content of 0.38% and the refractive index of 1.43. [58] Silicone IOL, however, may have a higher incidence of endophthalmitis, posterior synechiae formation and giant-cell adhesion due to its tendency to adhere bacteria, air particle and inflammatory cells, and a relatively higher incidence of anterior capsule contraction. [59, 60] MethacRyloyloxyethyl phosphoRylcholIne gRafted on sIlIcone IntRaoculaR lenses 2-methacryloyloxyethyl phosphorylcholine (MPC) imitates the phosphatide of the cellular member and with no antigenicity, and is super-hydrophilic. [61] Huang et al.'s team [62] pretreated silicone IOLs with air plasma (air pressure 0.4 Torr) for 5 min, then dropped the 5 ml MPC aqueous solution on IOL surface and air plasma again, thus making the MPC-modification silicone IOL, which possesses a hydrophilic anterior surface and a hydrophobic posterior surface. The MPC-modified IOL had a WCA of 36° compared with 110° of untreated silicone at 25°C.
Compared with 2 peaks of flare value in control lens, the flare level in modified silicone was stable, and less small round cells, fibroblast-like cells, and epithelial cells adhesion. With a posterior Miyake-Apple view, the central PCO in this modified silicone IOL was the lowest. The modified silicone IOL showed superior uveal biocompatibility and capsule biocompatibility. Wang et al.'s [63] paper confirmed the MPC-modified silicone hydrogels repelled the proteins sufficiently. Huang et al. [62] also reported that the MPC modified silicone IOL reduced the silicone Oil adhesion effectively. Shimizu et al. [64] utilized MPC and bis (trimethylsilyloxy) methylsilylpropyl glycerol methacrylate to prepare a new SiMA-co-MPC contact lens.
hepaRIn-suRface-ModIfIed sIlIcone IntRaoculaR lense
HSM silicone IOL became more hydrophilic with mean contact angle of 40°, about 65° lower than the standard silicone. Arthur et al. [65] made a silicone oil test on HSM silicone IOL. The HSM silicone IOL revealed a mean silicone oil coverage of 6.7 ± 3.2% (ranging from 1.6% to 11.8%), while the standard silicone IOL 98.2 ± 3.2% (ranging from 90.0% to 100%), showing the significant difference (P = 0.00001). The HSM silicone IOL solved the problem of implanting silicone IOL in patients needing vitrectomy with silicone oil.
tItanIuM and tItanIuM nItRIde ModIfIcatIon sIlIcone IntRaoculaR lense
Titanium (Ti) is a metal with high mechanical strength and corrosion resistance and is widely used as a biomedical engineering material. On the other hand, nitrogen ion injected with polymer would improve corrosion resistance and abrasion resistance. Guiqin et al. [66] prepared a new type silicone soft IOLs using ion beam combined with low temperature and low-pressure plasma to make Ti and titanium nitride (TiN) modification. The Ti-modification and TiN-modification shared contact angle of 95.75° and 92.25° respectively while the silicone had a contact angle of 102.39°. The Ti and TiN modification silicone IOL had a good morphology passing the tests of UV/visible (VIS) scanning spectrophotometer, electron spectroscopy for chemical analysis and SEM. Wang's another paper about the rabbits' response to the modification IOL showed a lighter anterior chamber exudation and PCO. [67] The platelet and macrophages adhesion experiment reported by Wang et al. showed that the Ti modification silicone IOL had a significantly less affinity to platelet and macrophages compared with the pure silicone IOL (P < 0.01). This meant that the Ti modification silicone IOL may have a lighter postoperative inflammation and better uveal biocompatibility. Moreover, the adhesion of Staphylococcus epidermidis and Pseudomonas aeruginosa on Ti modification were less than that on pristine IOL (P < 0.01). Thus, the endophthalmitis risk was smaller.
acRylIc IntRaoculaR lense
Acrylic includes hydrophobic acrylic and hydrophilic acrylic. Since hydrophobic acrylic lenses was introduced in 1990s by Alcon company. [68] it has been the preferred material for the manufacture of IOL optics due to its foldable property. [69, 70] Hydrophobic acrylic lenses have excellent properties, such as superb chemical inertness, optically transparent, a relatively high refractive index, and a special viscoelasticity availing IOL to unfold within 3-5 s which can be safely implanted and has the lowest PCO incidence. [71] Unfortunately, hydrophobic acrylic lenses have the heaviest surgically-induced inflammation, which limits its use in uveitis patients. [72, 73] Hydrophilic acrylic IOL shares similar advantages, such as foldability, controlled unfolding [74, 75] Compared with the conventional hydrophobic acrylic IOLs, this material has a water content of nearly 4% and the contact angle of 76°. Ollerton et al. [76] made a short-term evaluation at 4-week after implanting IOL in rabbits and concluded that the new hydrophobic acrylic has the potential to enhance PCO prevention.
poly (ethylene glycol) ModIfIed hydRophoBIc acRylIc IntRaoculaR lense
Lina et al. [77] grafted the PEG on hydrophobic acrylic with the process of immobilizing PEGs with argon as the discharge gas by atmospheric pressure glow discharge (APGD). The PEG-grafted IOL gained a good hydrophilicity with a WCA of 43.3°. As a result, platelet adhesion and macrophage adhesion were scarcely seen (P < 0.01), and appeared to be in an inactive state, which showed perfect uveal biocompatibility. Moreover, when LECs planted into the IOL surface, small-sized spherical or ellipsoid-shaped LECs were the typical forms in an overwhelming majority on PEG-grafted IOL surfaces. Even after incubated for 72 h, only a few individual cells flattened into hexagonal or elliptical shapes and attached to the IOLs surface, along with a small increase in cell quantity and slightly increased proliferation, indicating great capsule biocompatibility.
pyRRolIdone-ModIfIcatIon hydRophoBIc acRylIc IntRaoculaR lense
N-vinyl pyrrolidone (NVP) is a hydrophilic monomer, which compose of nitrogen atoms five-membered ring. The nitrogen bone with a vinyl monomer made NVP apt to polymerization and hydrophilic. Wang et al. [78] made the hydrophobic acrylic IOL surfaces with free radicals by 400 eV argon ion bombardment and then chemical grafted with vinyl pyrrolidone monomer on it to form a super hydrophilic film. The modification IOL containing 50% NVP showed flatter, more smooth and homogeneous. The SEM, WCA, and UV-vis spectrophotometer showed the modification IOL had a perfect morphology with a hydrophilic anterior surface and a hydrophobic posterior surface. The NVP modification IOL absorbed a small amount of protein particles and scattered inactivated round cells compared with geographic protein and forms of tufted cells on the control IOL surfaces in rabbits' experiment. The rabbits' corneal edema with NVP grafted hydrophobic acrylic IOL were lighter, and the exudation in the anterior chamber were less compared with the control (P < 0.05). The NVP modification on the anterior surface of hydrophobic acrylic IOL exhibited good uveal biocompatibility. The maintained hydrophobic posterior surface of NVP-modification showed the good capsule biocompatibility as the control. The results are shown in Figures 2 and 3 . [79] hydRoxypRopyl-ModIfIcatIon hydRophoBIc acRylIc IntRaoculaR lense Krall et al . [80] made a comparison between HSM hydrophobic acrylic (EC-1YH PAL) and the same IOL without heparin coating (EC-1Y-PAL) by the flare and cell intensity in the anterior chamber after cataract surgery. The mean flare value was statistically significantly lower in the HSM IOL group than in the uncoated IOL group 1 day postoperatively (P = 0.04) and a greater and quicker decrease reaching statistical significance 1 month postoperatively (P = 0.01). The HSM hydrophobic acrylic exhibited a better uveal biocompatibility.
functIonalIzed hydRophoBIc acRylIc IntRaoculaR lense
Tissue growth factor beta 2 (TGF-β2) is an important factor of the lens epithelial-mesenchymal transformation (EMT) signaling cascade that promotes PCO. Thus, blocking the TGF-β2 will decrease the PCO growth rate. Sun's et al. team [81] prepared anti-TGF-β2 antibody functionalized hydrophobic acrylic IOL as follows: APGD plasma to produce negatively charged chemical groups, then depositing polyethylenimine onto IOL surfaces as a precursor monolayer and then anti-TGF-β2 (anti-T) antibody and poly-l-lysine sequentially onto the surface for four cycles followed by another upmost monolayer of anti-T antibody via layer-by-layer self-assembly technique. Quartz crystal microbalance revealed that the anti-T antibody immobilized on IOL surfaces was nearly 800 ng, enough to in situ capture and neutralization of the aqueous TGF-β2, compared with hundreds of pg in active TGF-β2in the aqueous humor. Anti-T antibody functionalized IOL surface possessed WCA of 73.2°, which was an evident increase in surface hydrophility (P < 0.01). Anti-T antibody multilayers on IOL surfaces had good stability, which maintained at least 3 months. Compared with the untreated IOLs, the anti-T antibody functionalized IOL greatly restrained LECs from migration and EMT, yet anti-T antibody multilayers did not manage to the optical and physical properties of IOLs. The anti-T antibody functionalized IOL improve the uveal and capsule biocompatibility.
Rgd suRface functIonalIzatIon of the hydRophIlIc acRylIc IntRaoculaR lense
RGD (Arg-Gly-Asp sequence) is a cell adhesion peptide with the sequence of the functional motif of fibronectin. RGD can be recognized by numerous integrins in various cell types, thus can absorb different cells. Huang et al. [82] grafted reticulated polymer of 25% water content (HA25) containing RGD peptide on to the surface the hydrophilic acrylic IOL. The function process was as follower. The new IOL possessed a contact angle of about 57° and MTS cytotoxicity assay resulted in above 70% of viability cells in conditional media, which meant that the RGD-functional hydrophilic IOL improved the affinity to the LECs and the LECs exhibited better morphology.
conclusIons
IOLs implantation is not only used in cataract surgery, but also in refractive surgery, such as high myopia and presbyopia. With such an extensive use, a demand for perfectly biocompatible IOLs is called upon. Understanding the biocompatibility of IOLs could better guide us on IOLs' modification. The uveal biocompatibility not only rely on the quantities of the white cells adhesion to the surface, but also the ratios of mononuclear leucocyte being activated to the macrophage. [83] Similarly, the proportion of the LECs EMT is another criterion of assessing capsule biocompatibility. [84] Good understanding of the relationship between IOL surface and the biocompatibility benefits the proposed surface modification. With the small incision advocated, foldable soft IOLs is the most popular choice among clinicians. Nevertheless, the PMMA IOLs are still available in clinics and are still being implanted widely into eyes in developing countries because of its more economical cost and long-term stability. [85] For most studies, more hydrophilic IOL surface meant a better uveal biocompatibility, while a more hydrophobic surface meant a better capsule biocompatibility. Recently, the surface modification focused on making the "perfect" IOL with a hydrophilic anterior surface and a hydrophobic posterior surface. New attempts include the PEG, MPC, TiO 2 , vinyl pyrrolidone, and special drugs self-assembled. PEG is widely used as the modification molecular. The PEG-grafted surface repels proteins due to the high dipole moment of the ethylene oxide repeats and extensive hydration. [86, 87] Vinyl pyrrolidone is safety hydrophilic molecule and has been frequently used for membrane synthesis, it possesses active double bond and is easy to be initiated to produce its polymer poly-N-vinyl-pyrrolidone, which has a wide application. Therefore, biomaterials modified with phospholipid analogs have the potential for use in a wide range of medical applications, including soft contact lenses, membranes for artificial kidneys, vascular prostheses, artificial joints, and urological devices [88, 89] All hydrophilic molecules makes the IOL surface hydrophilic, leading to a better uveal biocompatibility, though, the hydrophilicity is yet to reach perfection. Some studies reported more hydrophobic surface modification.
For some clinicians, the anterior surfaces hydrophilic modification makes no sense because postoperative inflammation is milder due to surgical technique improvement and widespread small incision. In fact, the uveal biocompatibility and capsular biocompatibility are not individual properties and should interact each other. It has been proposed that inflammatory cells (e.g., macrophages, giant cells) secrete cytokines, which may in turn affect the behavior of LECs, resulting in severe PCO. [90] [91] [92] Some reports proposed that PCO is a special form of inflammation. [93] As a result, PCO has been extensively studied. However, there is no clear mechanism to explain the cause. Medium typically results in the rapid absorption of extracellular matrix (ECM) proteins to the surface followed by cell attachment ECM proteins and different receptors on the cell membrane leads to cell adhesion, spreading, migration, proliferation and differentiation. The success or failure of biomaterials implanted in vivo depends on the initial cellular response that is mediated by the concentration, composition, and conformation of adsorbed proteins at the implant surface as well as apoptosis-programmed cell. The primary forces that drive protein adsorption to a solid surface are hydrophobic dehydration resulting from the interaction between hydrophobic patches on a protein and a hydrophobic surface and electrostatic interactions, and there are a large number of complex, interdependent, and dynamic interactions between proteins and a surface. The surface modification is promising method but needs further research.
The hydrophilic anterior surface and the hydrophobic posterior surface have great application prospects. It is possible to make the hydrophilic groups modification on the hydrophobic IOL or make the hydrophobic modification on the hydrophilic IOL. Moreover, single radical or molecule modification may not be adequate to obtain a perfect IOL surface. Two or more groups might be better.
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